Ultrasound (US) is an important imaging tool and the most commonly used imaging modality worldwide. Although US requires expertise to be performed at the highest quality levels, basic US exams can be learned by most physicians and medical technologists with knowledge of human anatomy and with physical examination skills. The full potential of US is achieved when it is more than a pure "imaging modality", but instead an integrated clinical, physical, and imaging assessment in which the examiner interacts directly and personally with the patient. Specific diagnostic US knowledge is strongly encouraged for specialist training in clinical disciplines.
Introduction
Ultrasound (US) is an important imaging tool and the most commonly used imaging modality worldwide. Lack of ionizing radiation, low cost, high portability and its non-invasive nature has made ultrasound a very attractive tool for clinical diagnosis. More money is spent on ultrasound examinations compared to computed tomography (CT) and magnetic resonance imaging (MRI) [1, 2] .
According to the World Health Organisation (WHO), about two thirds of the world population have no access to any kind of imaging [3, 4] . Due to its portability and relatively lower purchasing and maintenance costs, US as a front-line modality is a critical element in any strategic approach for solving this enormous global problem. By comparison, in most parts of the world, CT and MRI will be more appropriate as second-or third-line modalities due to their higher costs and lack of portability.
Although US requires expertise to be performed at the highest levels of quality, basic US exams can be learned by most physicians and medical technologists with knowledge of human anatomy and with physical examination skills. Typically, there are three levels of ultrasound equipment utilized in student education, from the hand-held devices, point-of-care-ultrasound cart-based systems, to larger and more expensive high-resolution ultrasound systems with advanced capabilities. Standardized educational material to facilitate training is freely available (e.g., EFSUMB-website) [5, 6] .
The full potential of US is achieved when it is more than a pure "imaging modality" but instead is an integrated clinical, physical, and imaging assessment in which the examiner interacts directly and personally with the patient
The Advantages of Ultrasound
There are several advantages of ultrasound as an imaging modality: It has higher spatial resolution than CT and MRI, exquisite anatomical definition for superficial and many deeper structures, real time imaging capabilities, wide availability, and a broad range of clinical applications including surveillance, diagnosis, disease monitoring, and guidance of interventions [7, 8] . Additionally, US delivers no ionizing radiation and is significantly less expensive, with lower purchasing and maintenance costs than comparable imaging modalities such as MRI and CT [9] .
US can be applied in a traditional fashion, for examination of the abdomen by gastroenterologists and surgeons [10] [11] [12] [13] [14] , the pelvis by gynaecologists [15, 16] , the heart by cardiologists [17] , the mediastinum and lung by pneumologists, and other anatomical regions examined by their respective specialists. The role of radiology depends on historical issues and traditions [18] [19] [20] [21] . The performance of ultrasound by clinicians can be a rewarding and satisfying part of their practice, enabling the rapid delivery of a powerful diagnostic and therapeutic tool. There is no absolute need to delegate ultrasound scanning to nonphysicians, except in certain practice settings such as North America, where routine performance of US by physicians introduces logistical challenges and raises costs [20] . In such settings, it is usually necessary for routine exams to be performed by highly trained non-physician personnel (so called sonographers) under the supervision of radiologists or other physicians, while reserving physician scanning for complex exams or exams with unusual findings.
In addition, US might be also applied as a problem solving tool (point-of-care US) in a defined clinical setting, for example, in the prehospital setting, emergency room and intensive care unit [8] .
The traditional way of performing US examinations can be termed comprehensive or conventional ultrasound. In contrast to conventional ultrasound, the use of mobile and portable US scanners allows examiners immediate access to clinical imaging for rapid and direct solutions. WFUMB (World Federation for Ultrasound in Medicine and Biology) has published a position paper which discusses the current status and future perspectives of point-of-care US [8] . According to this organization, point-of-care US is defined as "ultrasound performed bedside and interpreted directly by the treating clinician or other specialist" [8] . The authors of this editorial have added the qualifier "or other specialists" in recognition that in some settings (battlefield, ambulance, remote rural clinics, etc.) it may not be practical to mandate clinician-performed portable US. In some settings, other personnel (e.g., trained soldiers, paramedics, physician assistants) may need to perform the scanning.
A recent article by Karl-Heinz Seitz [21] makes a strong argument for physician-performed US. "The main message of the groundbreaking publication by G. Rettenmaier in 1976 was that fast B-mode ultrasound represents an expansion of physical examination by technical means termed as "clinical ultrasound" [22, 23] and as a "dialog-based examination method" [24] . The probe acts as the palpating hand while the physician communicates verbally with the patient. This allows the clinician to record a more in-depth case history and also allows for a more precise determination of the problem. The critical synthesis of imaging and symptoms allows definitive diagnoses that would not be possible without US, clinical knowledge, and consultation with a physician" [21] . While we agree in principle with the main concepts articulated by Seitz, we recognize that highly trained nonphysician personnel can also perform many of the dialogue and communication tasks. There have been no prospective studies showing that physician-performed US provides higher accuracy, improves patient outcomes, or is preferred by patients compared to sonographer-performed US.
US in Guidelines
US has been included in many but not all clinical practice guidelines as a first-line imaging tool or extended physical examination [25] . For example, while the guidelines of the European Association for Study of the Liver (EASL) recommend contrast enhanced ultrasound [26] for the workup and management of incidentally detected focal liver lesions, the guidelines of the American College of Gastroenterology (ACG) neglect US entirely [27] . The role of specific ultrasound techniques-contrast enhanced ultrasound [28] [29] [30] [31] , elastography [13, [32] [33] [34] , interventional ultrasound [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] -has been discussed in prior EFSUMB and WFUMB [45] [46] [47] [48] guidelines. There is a need for more uniform incorporation of US in international clinical practice guidelines for appropriate and evidence-based indications. To this end, participation of clinicians and radiologists with expertise in US in guideline committees should be encouraged and facilitated by ultrasound societies [49, 50] .
Statement 1: Ultrasound should be included in clinical practice guidelines as supported by published evidence and clinical value.
Statement 2: Ultrasound societies should advocate for adequate representation of clinicians and radiologists with expertise in ultrasound in guidelines committees.
Who Should Perform US
Worldwide, US is performed by general practitioners, medical specialists and subspecialists, radiologists and in some countries also by non-medical sonographers with formal ultrasound training. Below we discuss both physician-performed and sonographer-performed US.
US can be performed by physicians, including general practitioners, medical specialists and subspecialists, as an extended physical examination as part of their practice. In this setting, services of a radiologist or sonographer are not routinely required [20, 21, 51, 52] . This form of US is applied in many European countries including Germany, Italy, Romania and others. Many medical specialities include US in their teaching curriculum, and specialists perform specific US exams relevant to their areas of expertise. Thus, echocardiography is performed mainly by cardiologists, hepatic and endoscopic ultrasound by gastroenterologists, obstetrical US by obstetricians, and endobronchial ultrasound by pneumologists.
The radiological delivery of service by physicians and sometimes by sonographers is traditionally offered in English-speaking countries around the world, notably the United States, Canada and Australia. In such scenarios US is performed and reported as a radiological procedure similar to CT or MRI. In this radiological setting, the examination can be performed by physicians or sonographers. The latter are highly specialized imaging technologists with rigorous formal training and regulatory certification in ultrasound who typically work within a radiology department under the supervision of one or more radiologists [20, 51] . Despite their extensive training and high procedural skill, sonographers function as "delegated agents of the physician and do not practice independently" [53, 54] , according to the Society of Diagnostic Medical Sonography. Thus, although scanning is done by sonographers, images are evaluated and results reported by radiologists [21, 55] . Historically, radiologists reviewed static images selected by the sonographer as being representative of the entire exam, but it is becoming increasingly common for sonographers to capture cinematic sweeps in different planes through the organ(s) and lesion(s) of interest so that the interpreting radiologist can benefit from the wealth of information gained from the real-time study [20, 21, 51, 52] .
In the UK, by comparison, sonographers are independent reporting practitioners in the National Health Service (NHS) [20, 51, 52] . In the NHS, most (about 80%) US services are performed and reported independently by sonographers. The few remaining US examinations are performed by radiologists (19%) and other medically trained practitioners (<1%) [20, 21, 51, 52] . The role of US in the UK is controversial, since non-medical sonographers intrinsically have less medical education, general knowledge and independence than medical doctors [20, 21, 51, 52] . The non-medical sonographer is unlikely to achieve a truly independent status independent of healthcare costs [20, 51, 52] . In other regions of the world, the sonographer is a non-radiologist physician specialized in ultrasound, as is in parts of China [56] . Ideally, to maximize patient care and safety, US practice should be undertaken by educated, qualified and healthcare system regulated personnel. Professional US care should include point-of-care US and specialized primary, secondary and tertiary care level defined qualifications achieved by specialists and subspecialists including radiology.
Statement 3: Ultrasound should be performed by physicians in their respective speciality and/or by highly trained, certified medical sonographers.
Statement 4: Ultrasound is traditionally part of radiology in Anglo-American countries.
Statement 6:
The role of non-medical sonographers is controversial. Research is needed to compare the quality and safety of US performed by non-medical sonographers compared to certified medical sonographers and physician specialists. Statement 7: The ultrasound findings should be reported by a physician able to integrate the imaging findings and clinical data.
The Radiology Point of View
As discussed above, there are many advantages of physician-performed ultrasound. Nevertheless, there are also compelling advantages for ultrasound scanning by highly trained sonographers under the supervision of radiologists and working within a radiology department.
First, this approach enhances efficiency, flexibility, and coverage. A single radiologist can reasonably and accurately report over 100 ultrasound exams a day when the scanning is performed by a team of experienced sonographers. It would not be possible for a clinician to scan nearly as many patients. Additionally, since all sonographers on the team are skilled in performing a broad array of exams involving different organ systems, exams can be scheduled flexibly based on urgency and patient convenience; except for rare highly specialized exams requiring particular expertise, the type of exam is not relevant since a number of sonographers have the necessary technical ability. Moreover, since US is often a front-line modality, the frequency of normal exams is high. In the authors' experience, most US exams are negative or reveal only relatively simple abnormalities (e.g., renal cysts, gallstones, small fibroids, etc.); the benefits of a physician performing all exams, including those with routine findings, have not been proved. Rather than systematically scanning all patients, radiologists scan only those patients in which their direct involvement is necessitated by confusing findings, complex anatomy, or complicated history. Finally, by centralizing US scanning within a radiology department, it is possible to ensure that all US procedures are offered to patients consistently and throughout the year, without having to schedule around particular physicians' availability.
Second, this approach enables standardization and rigorous quality assurance, since all exams are performed using standard institutional protocols and reviewed by radiologists, which provides a mechanism for feedback to the sonographers. Additionally, one of the more experienced sonographers can serve as personnel supervisor and, in this capacity, organize and lead regular quality improvement projects requiring the participation of all sonographers in the department. Finally, it should be emphasized that sonographers accrue extremely high levels of sonographic skill, experience, and expertise. By performing many hours of scanning every day for many years, they achieve a mastery of their art that would be hard to match by a busy physician that performs many complex tasks in addition to sonography.
Third, this approach facilitates the purchase and maintenance of the highest quality, state-of-the-art scanners. Since departments often purchase multiple scanners, they can negotiate competitive prices from scanner manufacturers, which allows them to purchase top-end scanners at relatively low costs. Additionally, departments may have greater access to physics and technical support, either internally from their own personnel or externally from the manufacturers, which allows the scanners to be maintained at the highest performance levels.
Who Should Learn Ultrasound
Optimal use of US devices needs dedicated education and practical training. A key goal is to make US available to every patient who needs this service. This will improve diagnostic efficiency and possibly the management of patients [8, 57] .
US training across the world is variable and dependent on many factors. In regions where US is performed predominantly by physicians, it is important that US be taught from the beginning of medical education, that is, in medical schools and universities [58, 59] . The practical lectures could begin during anatomy courses. WFUMB is currently reporting on the use of US student medical education and the papers will be published soon. After learning basic concepts and skills, physicians in training should refine their US examination skills by adhering to curricula such as those proposed by EFSUMB [5, 6, 60] and WFUMB [10, 11] . As physicians specialize in certain areas, for example, cardiology, gastroenterology and obstetrics, they can hone their procedural and interpretive skills by focusing on ultrasound exams in the areas of their clinical expertise. This way, they can leverage their subspecialty knowledge of clinical, sonographic and pathological findings to render an accurate diagnosis and make optimal management recommendations.
All radiologists should learn US, even those who practice in regions such as the United States, in which sonography is performed routinely by sonographers. The reasons for this are that knowledge of US scanning enhances the radiologist's image interpretation capabilities, allows the radiologist to interact effectively with the sonographer, and enables the radiologist to scan patients with a particularly difficult or confusing anatomy or findings. For this reason, radiology residency programs require US scanning as part of their curriculum. They also require several dedicated rotations on the US service, commensurate to rotations in CT and MRI. Finally, in regions in which US is performed by sonographers, US should be learned by imaging technologists who have the ability and willingness to undergo intense formal training in US.
Statement 8: Ultrasound should be part of the teaching curriculum of all medical specialities in which US is relevant. Statement 9: Sonographers should have prior training as medical imaging, before they undergo an additional postgraduate training in US.
Statement 10: For radiologists, US training should be commensurate to training in CT and MRI.
Conclusions
The full potential of US is achieved when it is more than a pure "imaging modality", but is instead an integrated clinical, physical, and imaging assessment in which the examiner interacts directly and personally with the patient. Specific diagnostic US knowledge is strongly encouraged for specialist training in clinical disciplines. US education should be incorporated into all medical specializations, which is also true for contrast enhanced US [28, 29, 61] and other specific techniques. For aspiring physicians, US medical education should start in medical school. Point-of-care US is widely accepted as a practical way to monitor the progress of a pregnant patient from five weeks gestation to term. In fetal imaging, obstetricians have established global standards for diagnosis, training, and quality control (DEGUM 3-level model); similar models should be achieved by other specialities [8, 55] .
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